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Abstract 
Ciambulawung River is located in Lebakpicung Kampong close to Halimun Salak National Park. Ciambulawung River is used 
for micro-hydro power plant (capacity 10.000 Watt). The purpose of this study was to determine the water quality status of 
Ciambulawung River. The pollution index ranged 0.56 – 0.78 and NSF-WQI ranged 87 – 88. Hence the river water quality is 
considered good. Based on these indices it is concluded that communities living along river bank and micro-hydro power plant 
did not negatively affect the water quality of Ciambulawung River. 
© 2015 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of the LISAT-FSEM Symposium Committee. 
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1. Introduction 
Ciambulawung River flows from Halimun Mountain pass through Lebakpicung Kampong. This kampong is 
adjacent to Halimun Salak National Park and home for 52 households. Lebakpicung is a remote place, and 
unreachable by car. Traveling by motorcycle takes around 30 minutes from the end of the road where cars could 
cross. Upper part of Ciambulawung River at Lebakpicung is currently used for micro-hydro power plant (capacity 
10.000 Watt).   
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Micro-hydro power plant was built under the collaboration between Environmental Research Centre - Bogor 
Agricultural University (IPB), Indonesia State-Owned Electric Company (PLN), and Halimun Salak National Park. 
So far, this micro-hydro power plant still operates, since micro-hydro technical management has also been 
established, and intensively mentored by Environmental Research Centre IPB. 
This research aimed at determining water quality status of Ciambulawung River at the section of Lebakpicung 
Kampong, presumably affected by micro-hydro power plant, agriculture, and community activity, using Pollution 
Index and NSF-WQI (National Sanitation Foundation - Water Quality Index). Water quality index is a means to 
summarize large amounts of water quality data into simple terms for reporting to management and the public in a 
consistent manner [1]. 
There are several water quality indices that have been developed to aid water quality divisions in USA, Canada, 
and Malaysia. However, most of these indices are based on the WQI developed by the U.S. National Sanitation 
Foundation (NSF). The NSF developed an index, called the NSF Water Quality Index (NSF-WQI), to provide a 
standardized method for comparing the relative quality of various water bodies [12]  
Several researchers use water quality index in assessment river water quality [2]. The water quality status might 
be considered for water resources management [3] 
2. Materials and Method 
The research was performed at Ciambulawung River, Lebakpicung Kampong, Hegarmanah Village, District 
Cibeber, Lebak Regency, Banten Province (Fig. 1), adjacent to the Halimun Salak National Park.  Coordinate range 
of Lebakpicung Kampong is 6º46’55’’ ̶ 6º47’15’’S latitude and 106º21’30’’ ̶ 106 º 21’55’’ E longitudes.  
Fig 1. Sampling location at Ciambulawung River 
Methods for water quality measurement are presented at Table 1. Three sampling stations were established. 
Sampling was performed three times according to rainy season. On each station, 3 replicate samplings (middle and 
both side of the river) were performed and then composited. Water samples were stored in 250 ml sample bottles and 
put in the cooler box. Water sample preservation used 0.3 ml concentrated H2SO4 for nitrate, nitrite, and ammonia.  
For total phosphate, water samples were stored in the cooler box without preservation. 
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Table 1.  Water quality parameter and measurement methods 
Data were analysis based on Pollution Index and NSF-WQI as well as Government Regulation No. 82/2001 (class 
II), water quality for infrastructure/water recreation facilities, freshwater fish culture, animal husbandry, and 
irrigation. 
2.1. Pollution Index 
Pollution Index is intended to point out contamination level (Minister of Environment Decree No. 115/2003). 
Pollution Index (IP) is determined for a particular purpose (class II). Determination of criteria is based on the score 
at Table 2. 
Table 2.  Classification of water quality status based on Pollution Index 
Score Criteria 
0,0 ≤ PIj ≤ 1,0 Good Water Quality 
1,0 ≤ PIj ≤ 5,0 Moderately Polluted 
5,0 ≤ PIj ≤ 10 Polluted 
PIj > 10 Extremely Polluted 
 
2.2. NSF-WQI 
National Sanitation Foundation Water Quality Index (NSF-WQI) is used to determine the level of water quality, 
based on 9 parameters such as: BOD, DO, nitrate, total phosphate, temperature, turbidity, total solids, pH, and Fecal 
Coliform. In this study, 8 parameters were applied without fecal coliform, hence there was a modification of weight 
as shown at Table 3. The modification was allowed if the water quality number reduced. Modified total weight score 
remained 1. Weight score modification of each parameter was proportional with its original weight score. 
Furthermore, the weight score (Wi) was multiplied by the sub-index value (Li) of parameter-i curve (Figure 2), 
obtained by Calculator NSF-WQI Online (http://www.water-research.net/watrqualindex/index.htm). Then it will be 
No Parameter Unit Methods Measurement Site 
Physics 
1 Temperature oC Thermometer In situ 
2 Turbidity NTU Turbidymeter Laboratory 
3 Velocity m/s Current Meter In situ 
4 TSS mg/l Gravimetric Laboratory 
5 TDS mg/l Gravimetric Laboratory 
6 Debit m3/s Calculation In situ 
Chemical 
7 pH - pH Meter/Potentiometric In situ 
8 DO mg/l DO meter In situ 
9 BOD mg/l Winkler and incubation Laboratory 
10 COD mg/l Reflux K2Cr2O7 Laboratory 
11 NO3-N mg/l Spectrophotometer/Brucine Laboratory 
12 NO2-N mg/l Spectrophotometer/Sulfanilic Acid Laboratory 
13 NH3-N mg/l Spectrophotometer/Phenate Laboratory 
14 Total Phosphate mg/l Spectrophotometer/Ascorbic Acid Laboratory 
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summed with the following equation.  NSF-WQI score was identified by the classification criteria (Table 4). 
Table 3.  New weight score (Wi) for 8 parameters on NSF-WQI 
Original  weight score Modified weight score 
No Parameter Weight Score No Parameter Weight Score 
1 DO 0.17 1 DO 0.20 
2 pH 0.11 2 pH 0.13 
3 BOD 0.11 3 BOD 0.13 
4 Temperature change 0.10 4 Temperature change 0.12 
5 Total phosphate 0.10 5 Total phosphate 0.12 
6 Nitrate 0.10 6 Nitrate 0.12 
7 Turbidity 0.08 7 Turbidity 0.10 
8 Total solids 0.07 8 Total solids 0.08 
9 Fecal coliform 0.16    
 Total 1  Total 1 
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Fig. 2.  Sub index curve of water quality parameter 
                           n 
NSF-WQI = Σ Wi x Li 
                          i=0 
 
NSF-WQI : Water Quality Index Score 
Wi    : The weight score 
Li    : The sub-index value  
Table 4.  NSF-WQI classification criteria 
NSF-WQI Score Criteria 
0 -  25 Very Bad 
26 – 50 Bad 
51 - 70 Medium 
71 – 90 Good 
91 - 100 Excellent 
 
233 Hefni Effendi et al. /  Procedia Environmental Sciences  24 ( 2015 )  228 – 237 
3. Results and Discussion 
3.1. Temperature, Turbidity, TSS, and TDS 
Water temperature of Ciambulawung River is ranging from 22 to 26°C and it was considered in good condition. 
Moreover, it describes the natural condition of the surrounding mountains [4].Temperature is basically important for 
its effects on certain chemical and biological reactions taking place in water and aquatic organisms [5]. 
Temperature altered by the change of the sampling time. The interval of sampling time was one month. This can 
be due to the differences of weather, humidity, and sunlight exposure. At first sampling, the bright weather affected 
the temperature. Government Regulation (GR) No. 82/2001 (class II) defines temperature deviation of 3ºC. Hence, 
the temperatures of water at three stations still meet the national quality standard.  
Turbidity of water in the surrounding mountains or upper part river is denoted a very low compared to the 
downstream river. Turbidity is derived from suspended materials such as mud, sand, organic and inorganic materials, 
plankton and other microscopic organisms. The turbidity of the water in the upper part of Ciambulawung River 
ranged 1.5 - 3.7 NTU.  Turbidity of upper part of the river normally quite low was also reported [6]. 
Highest turbidity was at the station 2, since the dominant sediment of station 2 originates from sandy mud of the 
river bottom. The station 2 was also often used for washing motorcycle, clothing, and washing muddy agricultural 
tools by the farmers. High turbidity affects aquatic life [7]. 
 
Table 5. Water quality of Ciambulawung River 
 
No Parameter Unit Quality Standard* 
Sampling 1 Sampling 2 Sampling 3 
St. 1 St. 2 St. 3 St. 1 St. 2 St. 3 St. 1 St. 2 St. 3 
 Physics 
  1 Temperature (°C) Deviation 3oC 25.0 25.0 26.0 24.3 23.7 24.3 23.0 22.0 23.0 
  2 Turbidity (NTU) - 2.00 3.70 1.50 2.00 3.00 2.00 1.50 3.00 2.00 
  3 TSS (mg/l) 50 2.00 2.00 1.00 2.00 4.00 3.00 3.00 1.00 2.00 
  4 TDS (mg/l) 1000 36.50 36.10 52.90 27.40 34.30 53.80 30.00 30.00 50.00 
 Chemical 
  5 pH 6 – 9 6.0 5.8* 6.5 6.5 6.5 6.5 6.5 6.5 6.5 
  6 DO (mg/l) 4 7.67 7.93 6.91 7.16 6.91 6.91 9.21 9.21 9.98 
  7 BOD5 (mg/l) 3 3.84* 2.30 2.24 1.58 1.54 1.54 3.06* 3.06* 2.30 
  8 NH3-N (mg/l) 0.02 0.0178 0.0156 0.0104 0.0059 0.0098 0.0092 0.0099 0.0167 0.0091 
  9 NO2-N (mg/l) 0.06 0.0094 0.0128 0.0178 0.0144 0.0246 0.0242 0.0132 0.0166 0.0223 
10 NO3-N (mg/l) 10 0.29 0.21 0.17 0.0966 0.0819 0.0999 0.0852 0.1119 0.0497 
11 Total Phosphate (mg/l) 0.2 0.14 0.11 0.12 0.13 0.13 0.11 0.12 0.15 0.13 
12 COD (mg/l) 25 9.35 5.82 17.59 14.65 25.24* 8.18 13.47 6.41 9.94 
 River Characteristic 
13 Velocity (m/s) - 0.78 0.43 0.63 0.66 0.55 0.46 0.85 0.76 0.62 
14 Water Debit (m3/s) - 2.45 1.05 5.68 2.40 1.36 6.20 3.22 1.88 6.53 
15 River Depth (m) - 0.28 0.15 0.15 0.28 0.15 0.15 0.28 0.15 0.15 
16 River Width (m) - 15.11 16.21 14.15 15.30 16.43 14.45 15.33 16.45 14.48 
(*) = Out of quality standard of Government Regulation No. 82/2001 (class II). 
Total suspended solids (TSS) ranged 1-4 mg/l. Although highest turbidity existed at station 2, however, TSS at 
the station 2 sampling 3 was the lowest. TSS is not always followed by the turbidity linearly, since the measurement 
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of turbidity based on the remaining amount of light after absorbed by the materials contained in the water (both 
suspended and dissolved), while TSS relies on the weight of the residue (after the water evaporated) from materials 
contained in the water as a suspension. Turbidity is highly dependent on the intensity of sunlight, suspended 
particles, turbid water received from catchment area and density of plankton, etc [5]. Overall water quality data of 
Ciambulawung River at 3 stations is presented at Table 5. 
High TDS and TSS can boost the water temperature because solid materials absorb heat from sunlight [8]. 
Rainfall will decrease the TSS since when the rain falls, dilution occurs in river water [9], but it can also increase 
TSS depending on the watershed. GR No. 82/2001 (class II) requires TSS <50 mg/l, therefore TSS of three stations 
met the quality standard.  
Total Dissolved Solid (TDS) ranged 27.40 - 53.80 mg/l. TDS at station 3 was the highest due likely to weathering 
from forest soil eventually running into the river.  Those might be caused by the strong stream current that can erode 
soil and sand around the river. TDS might release minerals from the bottom of sediments during resuspension by 
waves [10]. GR No. 82/2001 (class II) requires TDS <1000 mg/l, hence TDS of the three stations still fulfilled the 
quality standard. 
3.2. pH and Dissolved Oxygen (DO) 
The pH ranged 5.8 - 6.5. Each station has almost the same pH. Station 1 sampling 2 denoted low pH (5.8). This 
might relate to the activity of bathing, washing, latrines along the water bodies. The residue from those activities 
carried organic material and was decomposed by microorganisms. The process also consumed oxygen and released 
carbon dioxide. When water sample had taken (sampling 1), the rain fell. Hence, the water pH tended to acidic [11]. 
GR No. 82/2001 (class II) requires pH of 6-9; therefore pH of three stations reached the criteria of quality standard, 
but at the station 2 sampling 1, pH was out of the quality standard.  
Dissolved oxygen (DO) is the concentration of oxygen dissolved in the water. Its presence is essential to maintain 
variety of biological life forms in water and the effect of waste discharge in a water body is largely determined by 
oxygen balance of the system [5]. Natural water bodies have high levels of oxygen which varies depending on 
temperature, salinity, water turbulence, and atmospheric pressure [6]. The colder the water, the more oxygen it can 
hold [12]. DO ranged 6.91 -9.98 mg/l. The three stations has almost the same DO and still in good criteria. 
Dissolved oxygen is necessary for the survival of aquatic organisms. The low DO indicates high demand for oxygen 
by the microorganisms [13] 
The more organic materials that pollute the water body, the more amount of oxygen consumed to decompose 
these materials so that the content of dissolved oxygen in the water decreases so low [14]. It can also be caused by 
the study location that is on plateau with low temperature. DO is higher in high altitude than the low altitude [15]. 
GR No. 82/2001 (class II), DO must be >4 mg/l, hence the DO of the three observation stations reached the quality 
standard. 
3.3. Biochemical Oxygen Demand (BOD) and Chemical Oxygen Demand (COD) 
Biochemical Oxygen Demand (BOD) is a measure of the amount of oxygen used by microorganisms to 
decompose organic materials in water within five days period [16]. Low BOD content indicated that the riverside 
stretch was free from organic pollution [5]. 
The BOD in Ciambulawung River ranging 1.54 - 3.84 mg/l was relatively low.  However BOD at station 1 
sampling 1 and 3, and station 2 sampling 3 are exceeded the quality standard. This might due to the decomposition 
process of organic matter by microbes consuming oxygen.  
High BOD in water is undesirable because it will reduce the DO [17]. GR No 82/2001 (class II), BOD must be 
<3 mg/l, therefore BOD of the three stations reached the criteria of the quality standard. But at station 1 sampling 2 
& 3 and station 2 sampling 3 BOD did not meet the quality standard.  
The COD ranged 5.82 -25.24 mg/l. COD in each station was not much different except at station 2 sampling 2.   
At station 2 sampling 2, COD (25.24 mg/l) exceeded quality standard. This was likely caused by decomposition of 
organic matter in the form of leaves, trunks etc, that consumed much oxygen. However, COD is still in reasonable 
limits according to GR No. 82/2001. High oxygen consumption in the chemical process showed contamination by 
organic pollutants [18].  
Chemical oxygen demand (COD) gives us a reliable parameter for judging the extent of pollution in water 
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[4].Water bodies that contained high COD is undesirable for fisheries and agriculture. High BOD or COD in water 
will increase pollution in water bodies. COD in uncontaminated water must be ≤20 mg/l, while the water body with 
the COD >200 mg/l is contaminated.  Industrial waste can usually reach 20,000 mg/l.  GR No. 82/2001 (class II), 
COD has to be ≤25 mg/l, so COD of the three observations reached the quality standard. However, at the station 2 
sampling 2, COD was out of the quality standard.  
3.4. Ammonia, Nitrite, Nitrate, and Total Phosphate 
Ammonia levels ranging 0.0059 -0.0178 mg/l was relatively low. This was likely due to the small content of urea 
and ammonification process derived from the decomposition of organic matter by microbes. Since agricultural 
activities is still managed in a traditional means. The small number of residential area also caused the low level of 
ammonia. The presence of ammonia is an evidence of sewage inflow to a water body [19]. 
Domestic and industrial wastewater constitutes a constant polluting source, whereas surface runoff is a seasonal 
phenomenon mainly controlled by climate within the basin [20]. If the ammonia is high, the river water is 
considered polluted [9]. GR No. 82/2001 (class II), ammonia content must be ≤ 0.02 mg/l, hence ammonia of the 
three observations met the quality standard.  
Nitrite concentration ranging 0.0094 - 0.0246 mg/l of three observations stations was relatively low. This related 
to the relatively small amount waste discharge from the settlement to river. Nitrite in water bodies is derived from 
industrial waste and domestic waste.  
According to the Canadian Council of Resources and Environment Ministers in 1987 in [7], content of nitrite in 
natural water bodies is around 0,001 mg/l and should not exceed 0.06 mg/l. Hence, it can be concluded that nitrite 
concentration in Ciambulawung River was safe for living organisms since it was below 0.06 mg/l. GR No. 82/2001 
(class II), nitrite content must be ≤0.06 mg/l, hence nitrite in three stations fulfilled the quality standard.  
Nitrate concentration on three stations ranging 0.05 - 0.29 mg/l was relatively low. This highly related to the 
small number of human activities nearby. Major source of river water pollution comes from domestic sewage, 
animal waste, agricultural waste, soil erosion and runoff from the settlement [21]. GR No. 82/2001 (class II), nitrate 
content has to be ≤10 mg/l, therefore nitrate at three stations was within the quality standard.  
Phosphate concentration gives an indication of the nutrient levels and eutrophication of the river system [22]. 
Total phosphate concentration in Ciambulawung River ranged 0.11 - 0.15 mg/l.  Total phosphate in each station was 
low and not much different. This denoted the relatively good condition of nearby river.  No human activities 
affected significantly on phosphate concentration. The source of phosphate in water is derived from the weathering 
of rock minerals, decomposition of organic matter, detergents, fertilizers, industrial waste, household waste, and 
phosphate minerals. GR No. 82/2001 (class II), total phosphate content must be ≤ 0.2 mg/l. Therefore,  total 
phosphate on three stations were met the quality standard.  
3.5. Discharge 
Ciambulawung river water discharge ranged 1.05 - 6.53 m3/second. The highest water discharge occurred at 
station 3 and the lowest at station 2. This might correlate to the station 2 location of river water bending used for 
micro-hydro turbine. Station 3 got reasonably quite plenty of input from agricultural drains, settlement, and disposal 
of micro-hydro water.  
The velocity of water body affects the water body ability to assimilate and remove water pollutants. Different 
gradient/slope between the upper and lower river will affect the velocity. The more different gradient the heavier 
flow will be.   
3.6. Pollution Index (PI) 
Water quality management refers to the pollution index can give suggestion assessing the water quality and take 
action to improve water quality when quality decreasing occurs due to pollutants occurence. Based on the pollution 
index analysis, classification of Ciambulawung River at each station was obtained (Table 6).  
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Table 6.  Pollution index of Ciambulawung River 
Station Pollution Index (PI) Classification 
1 0.75 Good 
2 0.78 Good 
3 0.56 Good 
 
Water quality of Ciambulawung River has similarities in each station. The PI at three stations can be categorized 
as good with the range of 0.56 - 0.78. The values were obtained from all parameters and three samplings. Generally, 
water quality conditions on the upper Ciambulawung River based on pollution index can be classified as good and 
human activities and water turbine did not give negative impact on water quality. 
3.7. National Sanitation’s Foundation Water Quality Index (NSF-WQI) 
Based on the analysis using the NSF WQI, Ciambulawung River water classification in each station is presented 
at Table 7. 
Table 7.  NSF WQI value of Ciambulawung River 
Station NSF-WQI Score Classification 
1 87 Good 
2 87 Good 
3 88 Good 
 
The quality of the water at every station was almost same. Those three NSF-WQI values ranged 87 - 88 and can 
be classified as good quality; this characteristic is dependent on the low activity intensity of the surrounding area [5] 
Parameters out of GR No. 82/2001 (class II) range were pH, BOD, and COD. That might due to decomposition 
process of organic matter from decomposing plant by microbes consuming dissolved oxygen. With regards to 
biological parameters, Ciambulawung River also indicated good condition [23].  
Conclusion 
Water quality conditions in Ciambulawung River have been classified as good. However, there are some 
parameters reaching out of the GR No. 82/2001 (class II). Those parameters were pH at station 2, BOD at Station 1 
and  2, COD in station 2. Based on the pollution index and NSF-WQI, water quality in Ciambulawung River has 
been categorized as good. This condition showed that the activities of the people and micro-hydro had no negative 
effect on the water quality of upper part of Ciambulawung River. 
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